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SuwAR’Y —

Tests have been made to detelmine the ef:ects of wing-tip fuel
tanks on the rolling characteristics of unswept wing~. The investi-
gation included the determination C@ damping in roll, aileion efi?e’c-
tiveness, end lateral maneuverability of a tapered end of a rectangular
wing. Two tank sizes and two tank locations, which were %elieved to
be representative of tark installations used at the present, WSU6
investigated.

Results of tests iadlcated that wing-tip fuel
generddy used at present inci~easedtke damping in
aileron effactiveness or the wings investiceted as
and 16 percent, respectively. Because the dsmphg

-.

tanks of sizes
roll and the
imch as 4]+yercent
in roll tenbd tO- _

increase more than the aileron effectiveness, a deci”easein.lateral
mmmmerability of as much es 22 percent resulted from the inataXLa-
td.onof the tanks. The effect of the tanks increaeedwlth tahk ~ize
and was generaUy greater for tanks mounted out on the tiqs then for
t enks mo&tetL dfi-und.er the t5.ps.

-iO?SUCTION

The necessity of increasing the range
led to the use of external, droppable fuel

—

of small aircraft has
tanks. The most favorable

location of the tanks, parti.culerlyat high Mach numberej ap~ers
to be near tho wing tip in spite of the fsct that @cm consideration
of maneuverability wing-tip fuel tsnks n.q he c%jectionablo because
of possible effects on mments of inertia end aileron rolling pq.rer*
Unpub13she& test results have Indicated that wing-tip fuel tarikeof
sizes generslly em@~ed at the present can increase the llft-curve
slops of a ~ ap~oximately 17 percent end reduce the induced drag
at cruising lift coeffisients sufficiently to ccanpensateapproxhmtely
for the increasea paraaite drag resulting fmm the tsnks.
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Tests were theretoro made of a rectangular wing end of a
tapered wing, each with an aspect ratio of a~proximately 6, to
determine the damping in roll. Tests were made of each wing tith
wing-tip fuel tanks of two sizee and of each wing without tanks.
The effect of s31eron deflection in producing rolli~ rncmentswas
also measured on the tapeued wing. The ~wlltng-flow mthod of
reference 1 was used.
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Tests were meilein the 6-foot circular test section of the
Langle~ stability tunnel which is ~ovided with rotating vanes to
rotate tke flow and thus to sim.il.aterolling flight with a statimq
model. A descri~ion of tinerolling-flew .qyeratua and its opezzetion
alo~with an experimental verification of the method is presented
in refOJence 1.

Two model wings were use~ for the tests. The gecmetric charac-
teristics of the wings are given in the follow@g table: -T—

Rcctangulsr wing:

Area, sqrmreinckes. . . . . . . . . . . . . . . . . . . . . .362
span, inches . . . . . . . . . . . . . . . . . . . . . . . = 48
Mean gecmetl’icchord, inches .. . . . . . . . . . . . . . . . 7.52
Aspect?atio . . . . . . . . . . . . . . . . . . ~. . . . . 6.38
Airfoil section. . . . . . . . . . . . . . . . . . . . NACA230M

Ta~eredwi~ (A = 0.333):

Area, squere iuches . , . . .
Spn, inches . . . . . . . .
Mean geczmetricchord, inches
As~ectratio . . . . . . . .
Airfotl section . . . . . . .
Ailo~on Gpan, inohes . . . .
Aileron chord, fraction locel
Aileron gap.-. . . . . . . .

. ..*. .

. . . . . .

. . . . . ,

. . . . . .

. . . . . .
..,6. .

wing chord
● . . . . .

. . . . . .

. ...0 ●

. ..*.*

. . . . . .

..*.O ●

● *..*.

. . . . . ●

. . . . . i

. . . . 384
,.*. 4:
. . . .

.*, 6.00
~ACA 66,2-=6
. . . . 12
. . . . 0.20
,*. .Sealed

The wing-tip fuel tanks were o%tained by revolving about the chord
line em.lTACA

9
-018 aii+foKL section of basic thickness modifiedby

fairing straigh lines ltrcmthe trailing edge to t~ent ~oints on
eaoh side of the airtoil. TWO SiZ6S of tarikswhfch had lengths of
one-third and one-stxth of the wir~ Epm. (tormod the large and a
tanks, respectively) were tested. The tarks wero attached to the
wings in the out and down locations which are defined in f!gwee 1
end 2. Thotogra@s of tho lez?getanks in tho tio locations =e--
presmtes as fi~e 3.

. . . . .

Rolling mcunentswere measqred at various angles of attack and
various rates of roll for the rectan@d.ar and tapered wings and”aso

,

r
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at m.riow ailerm deflections with zero rolling velocity for the
tapered wing. Tests were made at a dynamic yressure of 64.3 younds
per square foot, which correspcmds to an airspeed of 159 miles per
hour at staiid.ardsea-level atmospheric conditions. The Reynolds
rmmibersbased on the meen geometric chord were 9k),000 end 1,000,000
for the rectan@ar wing and for the tayered~, ~esyectively.

No jet-loundarycorrections were applied to the data; however,
corrections were estimated for both the rolling mcment end the angle
of attack. The rol.1.ing-mtmentcorrection was determined from toundery
induced veloci~ ccauputed.by the method outlined in reference 2 for
a circular tumnelo ‘Z’hecomputation showed.the measured rolltng mcmmntei
to be approximately 0.9 yercent high. Because this correction is
within tho experimental error of the measurements,it was not applied
to the data. The correction to the ar&l.eof attack was obtai.nsdfrom
a chwt in reference 3. The corrected angle of attack is of the order
of 5 percent larger then the geometric an@.e of attack. Because the
lift-characteristics of the wings were not aveilable, tho engl.e-of-
attack correction had to he based on en estimated lift-curve slope
and cemnot be rigorously applied to the data.

RES3~TS AND DISCUSSION

Ilesults of the tests are ~esented in figures ~ to 7. In general,
those data show for sll tenk configurations an ap roxinmtcilylinear

tvariation of rolling-moment coefficient with pb 2V* These results
servo to shcw the generel msgnitude of the tenk effects. In any
particular case the effects will.depend to sconeextent uyon the
nature of tho fairing batween the tanks and the wing.

with

Effect of Wing-Tip lWel Tanks on tho Demp3ng-Mcment

Coefficient inRolJ.

The variation of the .kmping-mcmentcoefficient in roll. Cz
P

angle of at%ck for various taik confi~ations on the tapered
end on ~he rectangular wing is shqwn, resye&ively, in figuree-8(a)
and 8(b). A reasonable agreement is shawn in these figures between
the measured values of Cl at smell angles of attack for the tank~-

P
off condition and values obtatned by lifting surface theory from
refe~ence 4 (based on a section lift-curve slope of C).1Oper degree).
Figure 8 shows that the effoct,of tanks on C% increase~ with the

P
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size of the tanks end is consideralil.ygreater for the tanks-out _
configuration than for the tanks-dcwn config~ation. Figure 9
presents the variation & ~

2
with tsmk size fgr two gm@-es o.f _

attack end indicates that tlzelarge tanks jn the out locatIon
increase Cz about 44 yercent at mall snglcs of’attack.

2

Effect of Wing-Tip Fuel Temks on JcLleronRoLling-Mcment Effectiveness

The variation of rolling-moment coefficient with aileron
dot’lectionfor one aileron is shown in figure ~. ‘Tho slopes of
these curves through zero deflection Ctb ere an indication of

the effectiveness of the dleron in producing a rolli~ moment.
Figure 9 shows that ~2~ is generally increased by the addition

of taiis and that the increase emounbs to about 16 percent for the
lage tanks.

Effect of Win&Tfp Fuel Tanks on Lateral Maneuverability

If the motion o: the airplane is constrairiedto one degree
of freedcm, that is, to rolli~, @ad if trensient effects are

Q!&&&@ is ~ indication of thene~lected, the derivative
Lb

—

lateral.maneuverability of the a&il.ane. Figure 9 shows that .—

d(mb’v~
—

decreaeed generally with increasing tank size; the
da

decreac%eis about 20 ~ercek for the large tanks out. This decrease
results from the tendency of the damping in roll to Increase faster
with tank sfze than does the aileron rolling effectiveness.

Origin of Effect cf Wing-Tip Fuel Talcs

Tn order to obtain some infcmmaticn regsxding the origin of
the effect of win@ip fuel tanks,the damping moment of the isolated
tanks was o%tained by mqqmrting the tarks on a k-foot-spen

&inch-diemeter round rod and%ymeasuying tho rollingmoment for H

the rod-tanks combination and for the rod slor.e. The difference
between the two measmauents is assumed to be the dsnping mcment
of the isolated tanks and is shuwn in figure ~ along with the
dempir! of the ta~rod wing with and without the tanks. Also
shown is the o:fect of the tariksin the pesence of the wi~which” ““ ““”
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is obtained by mibtractin$ the demping of the wing elons frczmthat
of the wing with temke. Figure 7 indicates that .alarge pert of
the effect of tanke results f’rcminterferericeor end-plato effect
Imtween the tanks and the wln~. Dat= cozn$esyondingto that of
fi~e 7, for the rectangular wing, lead to the same conclusion.

CONCLUSIONS .

Wind-tunnel tests
wing-tip fuel tsnks on
TWO t~ SiZCS end two

have been made to determtne the effect of
the rollil~ charackeristfcs of unswept wings.
tm?s locatimm were investi~ated. The

following conclusions wore.indicated:

1. Tenh of =izes generally used at present Increased the
dmphg in L*OU and the aileron effectiveness of the wings investi-
gated as much as 4h percent and 16-yercenb, re&pectively. Because
the damying in roll tended to increaso more than the aileron effec-
tiveness, a decrease in lateral maneuveratiilityof as much as
20 percent resulted fhmm the.install.utionof the taiiks.

2. The ef~ect of the tanke Increased with tank size and was
generally greater for tanks mounted out on the ti_psthan for tenks
mounted dcwn uni!erthe t~.ps.

Langley Memorial Aeronautical Laborato~
National Advlsouy Committee for Aeronautics

Langley l’ield,Vs., April 4, 1947
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(a) Tanks Out.
,.

F@ur@ 3.- Tap@red wing with large tanks mounted inthe 6-footc~rculw

test sectionofthe Lan@ey StabflimtmeL
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(b) ‘h,nks dowm

Figure 3.- Conchxled.
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